
there are gaps in infrastructure, knowledge, and practice
that can open the door to disease outbreaks. 
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Transformation of the
Developing World:

Socioeconomic Matrix1

Economic disparity affects the health of persons around
the world, and various societal, environmental, and eco-
nomic factors influence the emergence of infectious dis-
eases. Similarly, emerging infectious diseases have a social
and economic impact, including diminished economic pro-
ductivity, increased expenditures on public heath, deferred
external investment and development, and reduced travel
and retail sales.

The thriving consumer demand for exotic and rare ani-
mals as “tonic” food in China, especially in the southern
regions, raises concern for the risk for animal-human
cross-infections through contact with live and recently
slaughtered animals. The increased demand for civet cat,
suspected as the source of severe acute respiratory syn-
drome, is one such example. The demand for tonic food
has risen with improving economic conditions in post-
1978 China and is a form of conspicuous consumption that
expresses economic and social distinction and prestige. A
Chinese medical paradigm based on “humors” inherent in
the concept of tonic food, combined with the well-under-
stood cultural symbolism of distinction and prestige asso-
ciated with conspicuous consumption, has lent weight to
the demand for rare and exotic animals perceived to be
“pure,” “safe,” and “virile.” Since this rising demand is not
likely to be suppressible, regulated production of these ani-
mals is needed to make them safe. 

Additional contemporary issues in China include the
effect of migration and urbanization on the spread of sex-
ually transmitted diseases. The forces driving this effect
can be divided into three overlapping categories: the dis-
mantling of the organizational and spatial structures that
helped keep order in China's cities during the Maoist era
(from 1949 to 1978); a dramatic increase in the overall flu-
idity of urban societies in China (accompanied by the ero-
sion of traditional moral and behavioral boundaries); and a

new set of cultural values that has encouraged more urban
Chinese to think of themselves as actors with individual
agency. These overlapping forces, which are geographic,
socioeconomic, and cultural, are interwoven with and thor-
oughly implicated in the emergence of new behavior and
lifestyles that have put a growing number of Chinese at
risk for infectious diseases.

More broadly, climate can also affect public health and
emerging infectious diseases. Factors affecting emergence
can also be examined in an eco-epidemiologic framework
that can often drive epidemics. Examples include the
effects of rains and flooding on vector-borne and diarrheal
diseases and the effect of heat and fires on respiratory
infections.

Dennis Carroll,* Pierce Gardner,† 
Bradford A. Kay,‡ Michael Osterholm,§ 

and Edward T. Ryan# 
*U.S. Agency for International Development, Washington, DC,
USA; †National Institutes of Health, Bethesda, Maryland, USA;
‡World Health Organization, Lyon, France; §University of
Minnesota, Minneapolis, Minnesota, USA; and #Harvard Medical
School, Boston, Massachusetts, USA

Address for correspondence: Edward T. Ryan, Massachusetts General
Hospital, Boston, Massachusetts 02114, USA; fax: 617-726-7416; email:
etryan@partners.org 

Emerging Issues for the
Public Health Laboratory2

U.S. public health laboratories face challenges from
within and outside the system, including emergence of
new pathogens, introduction of new testing methods, new
security requirements, shortages of well-qualified person-
nel, and collaboration with new partners. 

The public health system depends on hospital and com-
mercial laboratories as major sources of reliable epidemio-
logic information. Thus, the current crisis in these
laboratories is of great concern. The pressures come from
the need to address emerging infectious diseases, detect
antimicrobial resistance, and recognize potential agents of
bioterrorism while updating procedures, practices, and
facilities to meet new biosafety, biosecurity, confidentiality,
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and other regulations. Laboratories face a rising demand for
services from an aging population at increasing risk for
infectious diseases.

Clinical laboratories are receiving diminished revenues
and facing increased productivity demands that result from
downsizing, consolidation, and mergers. There is a short-
age of qualified personnel, resulting from loss of senior
staff because of retirement and difficulties in recruiting
and retaining younger microbiologists. A solution to this
crisis will require higher starting salaries, better tuition
reimbursement, increased provision of distance learning
for current staff, and increased test automation.

Bioscience laboratories are potential sources of threat-
ening pathogens and toxins. Control of these materials is
essential, but how this is achieved must be carefully con-
sidered and implemented. Potential threat agents can often
be acquired from nonbioscience sources. Moreover, the
nature of these materials makes their diversion difficult to
prevent, and because many biological materials and tech-
nologies have dual uses, illegitimate activities can be very
difficult to detect. Although many security experts believe
that the most credible threat comes from persons with
legitimate access to bioscience facilities, security at such
facilities has largely been focused on protection against
outside adversaries. Such facilities cannot be protected
unless their staff understand and accept the need for secu-
rity measures.

To adequately protect collections of virulent biologic
agents, those responsible for the design of biosecurity sys-
tems must understand biologic materials and research and
have the active involvement of laboratory scientists. Since
risk will always exist and every asset cannot be protected
against every threat, distinguishing between acceptable
and unacceptable risks is imperative. Facilities should con-
duct an agent-based, security-risk assessment to ensure
that protection of their assets is proportional to the risk for
theft or sabotage of those assets.

The list of potential human health, animal, and agricul-
tural threat agents is extensive. Areas at risk include not
only public health and well-being, but economic well-
being, public trust, consumer confidence, and the national
infrastructure. 

Forensic science involves applying scientific proce-
dures to the investigation of both criminal and civil legal
matters. The principal questions that microbial forensics
sets out to answer are the following: What is the agent?
Was the event intentional? Was the pathogen engineered?
Where did the pathogen come from? and Who committed
the crime? The manner in which forensic evidence is gen-
erated is critical if it is to be admissible in court. To assist
law enforcement, the Scientific Working Group for
Microbial Genetics and Forensics has been established.
This group has identified research needs for methods to

identify and type threat agents. It has established quality
management guidelines for laboratories, with the goal of
promoting development of forensic methods that are rigor-
ous and scientifically valid.

Recent reports from the Institute of Medicine (1) and
others recognize that the public health laboratory system
has many components. The challenge presented by emerg-
ing and reemerging infectious diseases, whether these be
old microbes with new scenarios (e.g., Bacillus anthracis),
new microbes (e.g., severe acute respiratory syndrome), or
old microbes with new resistance patterns (e.g., multidrug-
resistant Mycobacterium tuberculosis), requires greater
coordination between public health, clinical, and commer-
cial microbiology laboratories. Each segment produces
unique, yet overlapping, data essential to the nation's
health. Essential to good coordination is communication,
which can be enhanced by joint participation in meetings,
collaborative studies, training opportunities, cross-cutting
committees, and service on regional or national advisory
boards.
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Mathematical Modeling and
Public Policy: Responding to

Health Crises1

Mathematical models have long been used to study
complex biologic processes, such as the spread of infec-
tious diseases through populations, but health policymakers
have only recently begun using models to design optimal
strategies for controlling outbreaks or to evaluate and pos-
sibly improve programs for preventing them. In this ses-
sion, three examples of such models were examined. 
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